Abstract: Cervical gastric-type adenocarcinomas are aggressive non-human papillomavirus-related carcinomas with a propensity for extracervical spread, including unusual sites such as the omentum, peritoneum, and ovary. We report 7 cases of cervical gastric-type adenocarcinoma with fallopian tube involvement predominantly in the form of mucosal colonization without underlying invasion. As far as we are aware, this has not been previously described and this report adds to the literature regarding metastatic neoplasms, which may exhibit tubal mucosal involvement and mimic an in situ lesion at this site. In all cases, there was associated ovarian involvement and in 6 of 7 cases, there was endometrial colonization. We speculate that the fallopian tube (and ovarian) involvement is secondary to transuterine spread. Given the occasional occurrence of multifocal gastric-type glandular lesions (benign or malignant) involving different sites in the female genital tract, we discuss the distinction between synchronous independent and metastatic lesions.
G astric-type adenocarcinoma is an uncommon variant of cervical carcinoma, which is included in the 2014 World Health Organization Classification as a subtype of mucinous adenocarcinoma. 1 Gastric-type adenocarcinomas are not associated with infection by high-risk human papillomavirus (HPV) and these neoplasms exhibit more aggressive behavior than so-called usual HPV-related cervical adenocarcinomas with a particular propensity for ovarian, omental, and peritoneal involvement. [2] [3] [4] [5] [6] [7] [8] [9] We report a series of cervical gastric-type adenocarcinomas exhibiting fallopian tube spread, predominantly in the form of mucosal involvement without underlying invasion, the morphologic features potentially mimicking a tubal in situ lesion. All cases were associated with ovarian and all but 1 with endometrial involvement and we speculate that the tubal and ovarian disease is secondary to transuterine spread of tumor. This phenomenon of tubal mucosal involvement has been previously documented in HPV-related cervical adenocarcinomas but not in gastric-type adenocarcinomas. 10, 11 Given that gastric-type glandular lesions in the female genital tract may occasionally involve multiple sites (so-called synchronous mucinous metaplasia and neoplasia of the female genital tract), 3, 9, 12 we discuss the distinction between independent synchronous fallopian tube and cervical lesions and spread of cervical tumor to the tube.
MATERIALS AND METHODS
The 7 cases derived from the pathology archives of the institutions to which the authors are affiliated together with the consultation practice of 2 of the authors (K.J.P., W.G.M.). Hematoxylin and eosin and immunohistochemical stained slides were reviewed by the authors during the preparation of this manuscript.
RESULTS
The clinicopathologic features of the 7 cases are summarized in Table 1 . The patients ranged in age from 44 to 68 years (mean, 56 y). None of the patients had a known history of Peutz-Jeghers syndrome (PJS). Most of the patients underwent hysterectomy and bilateral salpingo-oophorectomy with or without lymph node dissection but in 1 patient (case 3), cervical biopsy and bilateral salpingo-oophorectomy was performed.
In all 7 cases, the cervix contained a gastric-type adenocarcinoma. The pathologic features of these are not described in detail but in all cases the morphology was typical of gastric-type adenocarcinoma with glands with abundant mucinous, eosinophilic, or clear cytoplasm. Some tumors were predominantly composed of cytologically bland glands but in all cases, there were foci where the glands were lined by cells with atypical nuclei. Lymphovascular space invasion was identified in all cases. There was vaginal involvement in 2 of 6 cases and parametrial/paracervical involvement in 4 of 6 where this information was available; in 1 case this information was only available from pretreatment imaging.
There was fallopian tube involvement in all cases (2 left, 1 right, 4 bilateral). This was predominantly in the form of mucosal colonization without stromal invasion but in 3 cases there was involvement of the submucosa and in 1 of these there was invasion of the muscle wall. The tubal colonization varied from focal to involvement of almost the entire mucosa and was generally sharply demarcated from the normal tubal epithelium. It was mostly continuous but in 2 cases was discontinuous with normal tubal epithelium between the foci of mucosal colonization. The nonfimbrial mucosa was predominantly involved but in some cases the fimbria was also colonized. The tubal involvement was in the form of mucinous epithelium and the degree of atypia was variable from case to case and within individual cases; in all cases, there were morphologically bland areas but there was at least focal mild to moderate nuclear atypia. In those cases where much of the tubal mucinous epithelium was bland, the adenocarcinomas within the cervix often contained areas composed of bland mucinous glands. In some areas, there was a single cell lining of mucinous epithelium but elsewhere there was multilayering with a papillary architecture and/or tufting. A noticeable feature in some cases was focal surface denudation or areas where the mucinous epithelium had "lifted-off" and separated from the underlying stroma resulting in a subepithelial cleft. In 1 case, there was mucin extravasation within the submucosa.
In 6 of the 7 cases, there was endometrial involvement (usually including lower uterine segment) and in 3 cases there was myometrial invasion. In 2 of the cases, there was endometrial involvement on biopsy; in one of these hysterectomy was not undertaken (case 3) and in the other (case 6), there was no residual endometrial tumor in the postchemoradiotherapy hysterectomy specimen. In all 7 cases, there was ovarian involvement (2 left, 1 right, 4 bilateral). In 2 cases (cases 2 and 5), where only a single ovary and fallopian tube was involved, these represented contralateral adnexa. Sometimes the ovarian involvement was in the form of multiple cysts lined by bland and variably atypical mucinous epithelium, the morphology mimicking a primary ovarian mucinous neoplasm with an admixture of benign and borderline foci. In some cases, there was surface tumor involvement and in most (but not all) cases, there were areas of obvious destructive stromal infiltration by atypical mucinous glands. As with the tubal involvement, a noticeable feature in the ovaries in some cases was the presence of areas where the mucinous epithelium had "lifted-off" and separated from the underlying stroma. In 3 of 4 cases where lymph node dissection was undertaken, there was tumor involvement.
Figures 1-3 show representative images of the cases. Various immunohistochemical studies were performed in all cases. The results are not presented as the markers used were variable and immunohistochemistry is not needed for the diagnosis of gastric-type adenocarcinoma. However, in all cases p16 was negative or exhibited patchy "nonblock" type immunoreactivity. p53 immunohistochemistry was performed in all cases (either at the time of reporting or during the preparation of this manuscript) on both the cervical and tubal lesions. p53 exhibited mutation-type staining in both the cervical and tubal lesions in 5 cases (4 diffuse-type:1 null-type) and wild-type expression in both in 2 cases. There was no case with different patterns of p53 immunoreactivity in the cervical and tubal lesions. Table 2 shows the p53 staining patterns in the cervical and tubal lesions in each case. Figure 4 shows diffuse mutation-type p53 staining in the cervical, ovarian, and tubal involvement in 1 of the cases.
DISCUSSION
Like cervical squamous carcinomas, most cervical adenocarcinomas are associated with infection by high-risk (oncogenic) HPV. However, there is a significant proportion of cervical adenocarcinomas (∼10% to 15% of cervical adenocarcinomas and 2% to 4% of cervical carcinomas overall), which are not associated with HPV. [13] [14] [15] [16] [17] [18] The most common of these is so-called gastric-type adenocarcinoma but non-HPVrelated adenocarcinomas also include mesonephric and clear cell carcinoma. [13] [14] [15] [16] [17] [18] Gastric-type adenocarcinoma is included in the 2014 World Health Organization Classification as a subtype of mucinous adenocarcinoma 1 ; the category of gastrictype adenocarcinoma includes adenoma malignum (mucinous variant of minimal deviation adenocarcinoma), a neoplasm which is now recognized to constitute the well-differentiated end of the spectrum of gastric-type adenocarcinomas. As admixtures of well-differentiated and poorly differentiated areas are common and there is no difference in the outcome between well-differentiated and poorly differentiated neoplasms, 8, 19 the umbrella term gastric-type adenocarcinoma is preferred to encompass this group of neoplasms. The concept of gastrictype cervical glandular lesions has emerged over recent decades and it is now recognized that there is a spectrum of benign, premalignant, and malignant lesions. 3, 9 Some of these occur in patients with PJS. Established benign lesions (which are rare) include simple gastric metaplasia and lobular endocervical glandular hyperplasia (LEGH) (complex gastric metaplasia). 3, 9, 20, 21 Postulated premalignant lesions comprise socalled atypical LEGH and gastric-type adenocarcinoma in situ. 3, 6, 9, 22, 23 The term "gastric-type" derives from the morphologic resemblance of the glandular epithelium to that seen in the stomach and pancreaticobiliary tree; intestinal metaplasia with goblet cells and neuroendocrine cells can occur in the various benign, premalignant, and malignant lesions. A gastric immunophenotype has been demonstrated using immunohistochemical markers of pyloric gland mucin, MUC6, and HIK1083. The immunophenotype of cervical gastric-type adenocarcinomas has been investigated in detail in a single study and these neoplasms are generally positive with cytokeratin 7 and CEA while CDX2, CA19.9, PAX8, CA125, and cytokeratin 20 are positive in a proportion of cases. 6 Estrogen receptor and progesterone receptor are usually negative. p53 exhibits mutation-type staining in a significant proportion of cases (41% in the immunohistochemical study referred to) and p16 is generally negative or exhibits "nonblock" type immunoreactivity. 6 However, a diagnosis of gastric-type adenocarcinoma can be made on the characteristic morphology without immunohistochemical staining.
Cervical gastric-type adenocarcinomas are clinically aggressive neoplasms, which are much more likely to present at advanced stage compared with HPV-related adenocarcinomas. 2, 8 For example, in 1 study, the 5-year survival was 30% versus 77% for HPV-related adenocarcinomas. 2 In a more recent study, the 5-year survival was 42% versus 91% for HPV-related adenocarcinomas; in this study, 59% of gastric-type adenocarcinomas were stages II to IV at presentation, 50% had lymph node metastasis, 35% ovarian involvement, and 20% abdominal involvement. 8 Unlike HPV-related adenocarcinomas, which typically remain localized within the pelvis, gastric-type adenocarcinomas spread to unusual sites such as the peritoneum, omentum, and ovary. 2, 3, 8, 9 Ovarian metastasis is uncommon in cervical cancers and is more common in adenocarcinomas than squamous carcinomas. 24, 25 The particular propensity for gastric-type adenocarcinomas to spread to the ovary has already been discussed. Fallopian tube involvement in cervical carcinoma has received little attention in the literature but has been reported in HPV-related squamous and adenocarcinoma. 11 Reyes et al 11 reported 8 examples (7 unilateral, 1 bilateral) of fallopian tube mucosal involvement in HPV-related cervical adenocarcinomas; it was commented that the tubal involvement was often mucosal and mimicked a primary tubal lesion such as serous tubal intraepithelial carcinoma (STIC). 11 To our knowledge, fallopian tube involvement by cervical gastric-type adenocarcinoma has not been specifically reported until now. In this series, the fallopian tubes showed mainly mucosal colonization with submucosal involvement in 3 cases, 1 of which also exhibited invasion of the muscle wall. All 7 cases with fallopian tube involvement also had ovarian involvement, being bilateral at both sites in 4 cases each. The endometrium was also involved in 6 of 7 cases. Given the common presence of endometrial involvement and the fact that the tubal disease always involved and was sometimes confined to the mucosa, we feel it is highly likely that the tubal and ovarian involvement occurred by retrograde transuterine spread. An interesting observation in some of the cases was the tendency for the tumor involving the fallopian tube mucosa (and also that lining ovarian cystic metastatic foci) to "lift-off" or separate from the underlying stroma, resulting in a subepithelial cleft or denudation. This is somewhat similar to the subepithelial stromal clefts described in ovarian involvement by low-grade appendiceal mucinous neoplasms. 26 A transuterine route has been speculated as a mode of spread of primary cervical HPV-related adenocarcinomas. 27, 28 In these neoplasms, ovarian involvement has been reported in the presence of small or even not recognizably invasive cervical adenocarcinomas. 27, 28 In some of these cases, especially with endometrial involvement, transuterine and transtubal spread has been implicated; the prognosis is generally favorable in these cases perhaps due to the mode of spread which is not through hematogenous routes. The tendency for metastatic HPV-related cervical adenocarcinomas involving the ovary to mimic primary ovarian mucinous or endometrioid neoplasms, borderline, or malignant, has been stressed. 11, 28 "Borderline-like" patterns include cystic, confluent glandular, cribriform, and/or villoglandular. A "hybrid" of mucinous and endometrioid features with elongated nuclei and conspicuous apical mitoses and basal apoptotic bodies in an ovarian neoplasm are clues that one may be dealing with a metastatic HPV-related cervical adenocarcinoma. Other clues to a metastatic neoplasm include bilateral ovarian involvement (although this is present in a minority of metastatic cervical adenocarcinomas), surface tumor deposits, and an infiltrative pattern of stromal invasion. Diffuse "block-type" immunoreactivity with p16 and/or the demonstration of HPV by molecular techniques may also assist in confirming a metastatic HPV-related cervical adenocarcinoma. Although it has been speculated that such cases could represent synchronous HPV-related ovarian adenocarcinomas rather than metastatic cervical adenocarcinomas, 29 this is not a widespread held view. The primary focus of this paper was not to describe the pattern of ovarian involvement in the cervical gastric-type adenocarcinomas but, similar to some other metastatic adenocarcinomas involving the ovary, there were often morphologically bland areas and cystic foci potentially mimicking a primary ovarian mucinous cystadenoma, borderline tumor, or carcinoma.
In all the cases we report, the diagnosis of tubal metastasis was relatively easily established given the presence of an obvious infiltrative gastric-type adenocarcinoma within the cervix. However, in 2 of the cases received in consultation (cases 1 and 2), a synchronous independent fallopian tube lesion was considered by the referring pathologist; this distinction is discussed below. The phenomenon of tubal mucosal metastasis mimicking an in situ lesion has already been discussed for HPV-related cervical adenocarcinomas and has recently been highlighted for other neoplasms. 30 Rabban et al reported a series of metastatic tumors from a variety of sites (gynecologic and nongynecologic) involving the tube and sometimes exhibiting prominent and/or exclusive mucosal involvement mimicking an in situ lesion such as STIC. 30 In such cases, immunohistochemistry may be of value, the panel of markers depending on the morphologic features and the presence of a known tumor elsewhere. The propensity for uterine serous carcinoma to exhibit fallopian tube mucosal involvement and mimic STIC has also recently been highlighted. 31 Endometrioid adenocarcinomas of the uterine corpus may also involve the tubal mucosa and mimic an independent synchronous tubal lesion.
Gastric-type mucinous glandular lesions may involve all sites in the female genital tract, occasionally with synchronous involvement of > 1 site. 3, 9, 12 This may be in the form of benign metaplastic or neoplastic lesions; this multifocal involvement has been referred to as synchronous mucinous metaplasia and neoplasia of the female genital tract and may occur in patients with PJS. 3, 9, 12 For example, Mikami et al 12 reported 6 cases of synchronous mucinous lesions with a gastric phenotype and immunophenotype (positive with HIK1083 and/or MUC6) at different sites within the female genital tract. All 6 patients had mucinous metaplasia of the endometrium, which showed features of LEGH/pyloric gland metaplasia in 5 and was associated with mucinous adenocarcinoma in 3. Five patients had mucinous metaplasia of the fallopian tubes and 2 had mucinous borderline tumors of the ovary. In 5 patients, there were cervical lesions, including LEGH associated with either adenocarcinoma in situ or adenoma malignum. While in these cases, the various mucinous lesions were interpreted as representing synchronous independent proliferations, it may be extremely difficult to distinguish between this possibility and metastatic disease from 1 site to another. Older studies describe the coexistence of cervical adenoma malignum with independent ovarian benign or borderline mucinous neoplasms 32 ; however, it is possible that these represented bland ovarian metastasis of adenoma malignum. In the cases we report, given the obvious malignant nature of the cervical lesions and the presence of areas of significant nuclear atypia in the endometrial, tubal, and ovarian lesions (and sometimes other features suggesting metastasis in the ovarian neoplasms), the extracervical disease was considered to represent metastatic spread rather than synchronous independent metaplasia or neoplasia. As the mucinous lesions at various sites exhibit gastric differentiation, immunohistochemistry is of limited value in helping to determine the relationship between them (synchronous or metastatic). An exception is p53 as mutation-type staining is seen in a significant proportion of cervical gastric-type adenocarcinomas 6 ; thus an identical pattern of mutationtype p53 staining at the different sites would support a primary neoplasm at 1 site with metastasis to the others. Conversely, mutation-type staining at 1 site and wild-type immunoreactivity at another would lend support to synchronous independent lesions while wild-type staining at the various sites would be of no value. p53 staining was undertaken in all cases in our study. There was an identical pattern of p53 staining in the cervical and tubal lesions in all cases; in 5 cases this was mutation-type (4 diffuse, 1 null) and in 2 cases it was wild-type. One potential pitfall worthy of mention is that mutation-type p53 staining is characteristic of STIC and this could result in misdiagnosis of tubal involvement by cervical gastric-type adenocarcinoma as STIC; correlation with the findings in the cervix and the mucinous features should result in a correct diagnosis.
The mucosal involvement of the fallopian tube mucinous lesions we report could potentially result in consideration of a primary tubal mucinous adenocarcinoma. However, primary mucinous adenocarcinomas of the fallopian tube are extremely rare. Wheal et al 33 reported a primary mucinous adenocarcinoma of the fimbria of the left fallopian tube exhibiting gastric differentiation; this was associated with adjacent mucinous metaplasia, a mucinous borderline tumor of the left ovary and a benign mucinous cystadenoma of the right ovary. 32 As discussed previously, we believe the tubal lesions we report to be metastatic. Benign mucinous metaplasia also uncommonly occurs within the fallopian tubes, sometimes in patients with PJS. 34, 35 This may occur as a solitary lesion or in association with mucinous metaplasia or neoplasia elsewhere within the female genital tract. In such cases, it may be extremely difficult or even impossible to determine whether this represents mucinous metaplasia of the fallopian tube or bland metastasis from a mucinous adenocarcinoma elsewhere. Wong et al 34 reported 23 cases of fallopian tubes with mucinous lesions, including 11 patients without evidence of malignancy, 4 with mucinous ovarian tumors, 5 with nonmucinous gynecologic tumors, 2 with mucinous appendiceal neoplasms, and 1 with colonic carcinoma. The authors concluded that in most cases the tubal mucinous lesion represented a primary metaplastic process.
Staging of a cervical carcinoma with adnexal involvement (tubal and/or ovarian) is sometimes controversial since adnexal involvement does not specifically appear in the International Federation of Gynecology and Obstetrics or TNM staging systems. 36 Adnexal involvement is International Federation of Gynecology and Obstetrics stage IIA (pT2a); TNM states that distant metastasis (M1) excludes metastasis to vagina, pelvic serosa, and adnexa.
In summary, we report 7 cases of cervical gastric-type adenocarcinoma with fallopian tube involvement in the form of mucosal colonization, sometimes without underlying invasion. As far as we are aware, this phenomenon has not been previously reported. This report adds to the literature regarding neoplasms which may exhibit tubal mucosal involvement and mimic an in situ lesion at this site. We speculate that the fallopian tube involvement is secondary to transuterine spread.
